Rice (Oryza sativa L.) is amidst the great essential food crop that offers a staple food for most of the world's populace. Arsenic (As) is a carcinogenic heavy metal, which harms human health. In Asian countries, a major source of human As-intake is rice grains and; contamination of paddy soils by As and accumulation of As in rice grains is one of the serious agricultural issues. Hence, it is important to mitigate the effects of As toxicity as much as possible. In an attempt to minimize As accumulation in grains various genes have been introduced in rice. The main objective of this review is to provide an overview of the arsenic problem and various biotechnological methods exploited for reducing As accumulation in rice grain.
Arsenic (As), a metalloid, is the 20 th most abundant element occurs naturally in the Earth's crust. It is found in the atmosphere, soils, rocks, natural water, Ascontaminated groundwater and organisms. In nature more than 200 As-containing minerals exist; frequently As is associated with sulphur (S) in minerals such as arsenopyrites (FeAsS), realgar (As 4 S 4 ), and orpiment (As 2 S 3 ). Mobilization of As occurs through combination of natural processes such as weathering reactions, biological activities and volcanic emissions as well as through a range of anthropogenic activities. Arsenic is utilized in many sectors such as medicine, agriculture, livestock, electronics, industry and metallurgy. The range of As concentrations found in natural waters, from less than 0.5 µg L -1 to more than 5000 µg L -1 . Normal concentrations of As in freshwater are less than 10 µg L -1 . In As contaminated areas, more than 10% of wells may be 'affected' (defined as those exceeding 10 µg L -1 recommended by WHO). Many areas of the Argentina, Chile, Mexico, China and Hungary are As contaminated. More recently, West Bengal (India), Bangladesh and Vietnam are also included in well-known high-As groundwater areas. In the Bangladesh and West Bengal (India), problem of As toxicity due to contaminated water is at its worst. This region has constantly struggled in its attempt to administer safe and adequate water resources, making it easier for people in the Bengal Basin to access safe drinking water. By the late 1980s, the population of this area suffered a lot by various waterborne diseases like diarrhea as surface water was the main source of drinking water in this region. Mehovic and Blum (2004) reported the death of a quarter of a million Bangladeshi children a year. So there was an urgent need for development of any other alternative sources of safe drinking water. Government of these area as well as UNICEF and various other aid groups, tried to help the population of the Bengal Basin through installation of approximately 4 million tube wells to provide safe drinking water from the ground. Unfortunately, this project was the cause of one of the worst environmental calamities in the delta's history. Additionally, the agricultural sector was beginning to demand year-round water sources that could fuel the new irrigation-intensive kind of rice that drove the Green Revolution. When this As contaminated water was utilized for irrigation purposes, it added on As to the soil utilized for crop production. More than 30 million people in Bangladesh and more than 6 million people across the border in West Bengal, India were at risk in the area according to 2000 statistics and the lifetime risk of dying by cancer in the area is as high as 13 per 1000 people.
In a few regions in the world, such as the Andean highlands, human populations have lived for thousands of years with drinking water contaminated with arsenic. In a recent study it has been reported that even the Chinchorro, the earliest inhabitants of Andean societies of northern Chile, were already affected by arseniasis beginning 7000 years ago. The study shows that ancient people of northern Chile were significantly affected by arsenic poisoning throughout generations by studying and testing naturally occurring eco-toxic contaminants on ancient Andean mummies.
Arsenic usually exists in two different forms: inorganic or organic. Inorganic form of As (Asi) is more toxic to plants as well as humans in comparison to organic form. Inorganic arsenic is well known for its carcinogenic effect on human. Rice (Oryza sativa) is a staple food for a large part of the world's human population, especially in tropical Latin America, and East, South and Southeast Asia, making it the second-most consumed cereal grain, after maize. It is also the major crop in areas where severe As contamination occurs; it has been reported to accumulate up to 2 mg Kg -1 As in grains and up to 92 mg Kg -1 in straw. According to WHO, provisional maximum tolerable daily intake of arsenic of 2 µg Kg -1 body weight. The diet of many rice consumers is, therefore, under threat from As contamination, which may pose a significant health risk. Among the two inorganic forms of As, AsIII is more toxic than AsV, and the AsIII is found predominantly in the paddy field during water logged conditions. To minimize As induced stress, plants have several adaptive mechanisms, such as reduction in As uptake and efflux from root cells, ROS scavenging activity, synthesis of glutathione (GSH) and binding of AsIII with phytochelatins (PCs) and sequestration of As into the vacuole.
Breeding (conventional and molecular), transgenic and agronomical approaches can be used to minimize As accumulation in rice which further reduces food chain contamination. Rice genotypes show considerable variation in their response to As exposure in terms of uptake, metabolism, and concentration of As in grains as well as other tissues of rice even if grown with uniform soil As concentration. Screening of rice genotypes will provide information to develop better In an attempt to minimize as accumulation in grains various genes has been introduced in rice (Table  1) .
Subsoil As presents a health hazard to human populations worldwide. As in the water supply in Bangladesh and in West Bengal in India is a serious health hazard. In these areas, groundwater is used for irrigating crops, particularly by flooding paddy fields. A high level of As in rice grain is a serious concern for human health. There is a need to breed rice cultivars with high tolerance to As in the soil and which prevent its partitioning into grain. Tackling the problem in rice demands a consortium-based network approach and utilization of state-of-the-art tools to develop safer rice cultivars for As-contaminated soils.
